Rationale Drug effects on delay discounting are thought to reflect changes in sensitivity to reinforcer delay, although other behavioral mechanisms might be involved. One strategy for revealing the influence of different behavioral mechanisms is to alter features of the procedures in which they are studied. Objective This experiment examined whether the order of delay presentation under within-session delay discounting procedures impacts drug effects on discounting. Methods Rats responded under a discrete-trial choice procedure in which responses on one lever delivered one food pellet immediately and responses on the other lever delivered three food pellets either immediately or after a delay. The delay to the larger reinforcer (0, 4, 8, 16, and 32 s) was varied within session and the order of delay presentation (ascending or descending) varied between groups. Results Amphetamine (0.1-1.78 mg/kg) and methylphenidate (1.0-17.8 mg/kg) shifted delay functions upward in the ascending group (increasing choice of the larger reinforcer) and downward in the descending group (decreasing choice of the larger reinforcer). Morphine (1.0-10.0 mg/kg) and delta-9-tetrahydrocannabinol (0.32-5.6 mg/kg) tended to shift the delay functions downward, regardless of order of delay presentation, thereby reducing choice of the larger reinforcer, even when both reinforcers were delivered immediately. Conclusion The effects of amphetamine and methylphenidate under delay discounting procedures differed depending on the order of delay presentation, indicating that drug-induced changes in discounting were due, in part, to mechanisms other than altered sensitivity to reinforcer delay. Instead, amphetamine and methylphenidate altered responding in a manner consistent with increased behavioral perseveration.
associated with the smaller, immediately available reinforcer. Within-session determination of delay functions facilitates efficient assessment of the effects of many variables (e.g., drug administration) on delay discounting. The most common procedure is one in which the delay progressively increases across blocks (i.e., ascending delays).
Changes in performance under ascending delay procedures are often interpreted as changes in discounting. For example, stimulant drugs such as amphetamine have been studied under delay discounting procedures because of the association between substance abuse and enhanced discounting and because stimulants are used to treat behavioral disorders thought to reflect increased impulsivity (e.g., ADHD). Stimulants tend to shift delay discounting functions rightward or upward reflecting increased choice of larger, delayed reinforcers (Cardinal et al. 2000; Floresco et al. 2008; Pitts and McKinney 2005; Slezak and Anderson 2011; van den Bergh et al. 2006; van Gaalen et al. 2006; Winstanley et al. 2003; Winstanley et al. 2005 ; but see Evenden and Ryan 1996; Koffarnus et al. 2011 ; see also de Wit and Mitchell 2010, for a review), possibly reflecting a reduction in sensitivity to reinforcer delay. Indeed, amphetamine attenuates sensitivity to reinforcer delay under other conditions (e.g., Ta et al. 2008) ; however, other factors might play a role including whether the delay period is paired with a unique stimulus (signaled delay; Cardinal et al. 2000) .
Enhancement of responding for a larger, delayed reinforcer under procedures in which the delay increases during the session could reflect the influence of other mechanisms as well. Because subjects respond predominantly for the larger reinforcer during the first block when both reinforcers are delivered immediately, conditions that decrease behavioral flexibility (e.g., increase perseveration) might increase responding for the larger reinforcer in subsequent blocks, an effect that resembles attenuation of delay discounting. In one study (Slezak and Anderson 2009) , rats were trained and tested under ascending and descending (the largest delay was arranged during the first component of the session) orders of delay presentation; amphetamine tended to decrease choice of the larger, delayed reinforcer (i.e., enhance discounting) under both orders of delay but did so to a lesser extent under the ascending order, suggesting that the order with which the delays are presented might impact the effects of amphetamine on discounting. St. Onge et al. (2010) compared the effects of drugs on choice between a smaller certain reinforcer and a larger uncertain reinforcer in different groups of rats responding under either an ascending or descending order of probability (probability of reinforcement changed within session). The nonselective dopamine receptor antagonist flupenthixol shifted the probability discounting function upward under both the ascending and descending orders; however, amphetamine shifted the function upward in the ascending order but downward in the descending order indicating that the effects of amphetamine under a probability discounting procedure can depend on procedural variations. Amphetamine also reduces the likelihood of switching between two alternatives under operant choice procedures in a manner consistent with increased perseveration (e.g., Todorov et al. 1972) . Collectively, these data suggest that changes in performance under ascending delay procedures might not be due exclusively to changes in sensitivity to delay. Indeed, other factors (e.g., preservation) might contribute to drug effects on discounting (e.g., Pitts and McKinney 2005; Slezak and Anderson 2009) ; however, any impact of order of delay presentation remains unclear.
The present study examined the effects of amphetamine and methylphenidate on delay discounting in separate groups of rats responding under an ascending or a descending order of delay presentation. If increased choice of the larger, delayed reinforcer under ascending delay procedures is due primarily to a reduction in sensitivity to delay, similar effects should be observed using procedures with different orders of delay presentation: sensitivity to delay should be impacted similarly with delay curves shifted upward. Conversely, if increased choice of larger, delayed reinforcers in procedures with ascending order of delay presentation is due to increased perseveration, then upward shifts should not be observed in subjects responding under a descending order of delay presentation. Rather, responding during the latter part of the session should correspond more closely to responding during the earlier part of the session in each group. Subjects that respond for the smaller reinforcer early in the session (e.g., when responding under a descending order of delay presentation), should continue to do so as the session progresses irrespective of changes in delay, resulting in a reduced amount of responding for the larger reinforcer. To test the generality of any interaction between stimulant drugs and order of delay presentation, drugs with different pharmacological mechanisms of action (morphine and delta-9-tetrahydrocannabinol [THC]) were also tested in rats responding under ascending or descending orders of delay presentation.
Materials and methods

Subjects
Twelve experimentally naïve, adult male Sprague-Dawley rats (Harlan Laboratories Inc., Indianapolis, IN, USA), approximately 3 months old at the beginning of the experiment, were housed individually in 45×24×20 cm plastic cages containing rodent bedding (Sani-chips, Harlan Teklad, Madison, WI, USA) in a colony room maintained on a 12:12 light/dark cycle; experiments were conducted in the light period. Rats were fed chow (Rat Sterilizable Diet, Harlan Teklad) after daily experimental sessions to maintain their body weights between 340 and 350 g. Water was available continuously in the home cage. Animals were maintained and experiments were conducted in accordance with the Institutional Animal Care and Use Committee, The University of Texas Health Science Center at San Antonio, and with the 2011 Guide for the Care and Use of Laboratory Animals (Institute of Laboratory Animal Resources on Life Sciences, National Research Council, and the National Academy of Sciences).
Apparatus
Sessions were conducted in sound-attenuating, well ventilated enclosures (Model ENV-022 M and ENV-008CT; MED Associates, Inc., St. Albans, VT, USA), which contained an operant conditioning chamber of which two sides were Plexiglas and one side was a stainless steel response panel equipped with two metal response levers 11.5 cm apart. A 2.5-cm diameter translucent circle that could be illuminated was located on the response panel above each lever and a 5×5 cm opening located equidistant between the two levers was available for food pellet delivery. Food pellets (45 mg; PJAI-0045; Noyes Precision Pellets, Research Diets Inc., New Brunswick, NJ, USA) were delivered from a food hopper external to the operant chamber, but within the enclosure. Data were collected using MED-PC IV software and a PC-compatible interface (Med-Associates, Inc.).
Behavioral procedure
Rats were first trained to press either of two levers for food. At the beginning of daily 30-min sessions, the house light and each lever light were illuminated; a response on either lever turned off both lever lights and delivered one food pellet immediately followed by re-illumination of the lever lights and another opportunity to respond. After three consecutive sessions in which 50 food pellets were delivered within 30 min, the number of food pellets delivered for responding on the nonpreferred lever (i.e., less than 50 % of responses over the same three sessions) was increased from one to three. Within one to five sessions, all rats responded nearly exclusively on the lever that delivered three pellets, after which the experimental procedure was introduced that was based on studies by Evenden and Ryan (1996) .
Sessions were conducted once daily, 6 or 7 days per week and began with a 10-min timeout during which the chamber was dark and responses had no programmed consequence. The house light was illuminated at the beginning of each block and remained illuminated continuously for the duration of the block. Illumination of a light above one lever or both levers signaled the beginning of a trial. A response on an active lever (i.e., located directly below an illuminated lever light) delivered either one food pellet immediately or three food pellets either immediately or after a delay (0, 4, 8, 16, or 32 s) . This series of delays was introduced for all subjects immediately upon implementation of the multiple block sessions. When food was delivered immediately, the lever lights(s) was (were) extinguished immediately after a response. When food was delivered after a delay, the light located above the pressed lever blinked on and off at 0.5 s intervals during the delay. The lever that delivered three food pellets was counterbalanced across rats and was maintained for an individual rat for the entire study. If no response was made within 20 s of the beginning of a trial (limited hold), the light(s) was (were) extinguished and the trial was recorded as an omission. Trials began every 60 s regardless of responding.
Experiment 1: Amphetamine and methylphenidate Sessions consisted of five blocks separated by 30-s timeout periods during which the chamber was dark (the house light and both lever lights were extinguished) and lever presses had no programmed consequence. Each block comprised two forced (sampling) trials followed by 10 choice trials; forced trials ensured contact with the contingencies that were active during the ensuing choice trials of that block. During a forced trial, one lever light was illuminated and a response on the lever located below the light delivered a reinforcer (one pellet immediately or three pellets either immediately or after a delay). During a second forced trial, the other lever light was illuminated and a response on the lever located below that light delivered a reinforcer (i.e., the reinforcer that was not delivered during the first forced trial). The order of presentation of forced trials (left/right or right/left) was determined randomly across blocks. The remaining 10 trials of each block were choice trials during which both lever lights were illuminated and a single response on either lever delivered the corresponding reinforcer according to the contingencies arranged for that block.
Two groups of rats (n =6/group) were studied. In one group (ascending), both reinforcers were delivered immediately during the first block and the delay to delivery of the larger reinforcer increased progressively (0, 4, 8, 16, and 32 s) across subsequent blocks. In the other group (descending), the order of delay presentation was reversed such that the longest delay was arranged in the first block with delay (32, 16, 8, 4, 0 s) decreasing progressively across subsequent blocks so that both reinforcers were delivered immediately during the final block.
Training continued for at least 20 sessions and until the following criteria were satisfied: (1) percentage of choices of the larger reinforcer in the no-delay block for each of three consecutive sessions was at least 80 %; and (2) percentage of choice of the larger reinforcer in the block with the longest delay (32 s) for each of the three consecutive sessions varied by no more than 20 %. To determine if within-session shifts in responding were due to the delay rather than other features of the experiment (e.g., passage of time), delay was removed from all blocks of consecutive sessions (i.e., a response on either lever resulted in immediate delivery of a reinforcer) until the percentage of choices for the larger reinforcer was at least 80 % in all blocks of a single session. Thereafter, delays were reinstated for at least one session and until responding was deemed stable (see above), at which point the effects of amphetamine and methylphenidate were determined.
Experiment 2: Morphine and THC Experiment 2 was identical to experiment 1 except that the number of choice trials was reduced to five per block (from 10) in order to reduce the session duration. After completing experiment 1, one rat (A1) became ill and was removed from the study; the performance of another rat (in the descending group, D4) became unreliable and this rat was also removed from the study. Thus, the ascending and descending groups in experiment 2 included five rats each. The effects of morphine and THC were determined during experiment 2 followed by a redetermination of selected doses of amphetamine to test whether additional training and testing with drug altered sensitivity of rats to the effects of amphetamine.
Pharmacological procedure
Amphetamine, morphine, and THC (100 mg/ml in absolute ethanol) were provided by the National Institute on Drug Abuse (Research Technology Branch, Rockville, MD, USA), and methylphenidate was purchased from Sigma-Aldrich (St. Louis, MO, USA). Amphetamine, morphine, and methylphenidate were dissolved in 0.9 % sodium chloride. THC was dissolved in a 1:1:18 mixture of absolute ethanol, Emulphor-620 (Rhone-Poulenc Inc., Princeton, NJ, USA), and 0.9 % sodium chloride. All drugs were administrated i.p. in a volume of 1.0 ml/kg of body weight. Test sessions were separated by at least three saline sessions. Saline sessions continued until the stability criteria used in the baseline training were satisfied (see above).
Amphetamine was studied first in all rats at the following doses and order: 0.1, 0.32, 0.56, 1.0, and 1.78 mg/kg. The doses of methylphenidate studied were 1.0, 3.2, 10, and 17.8 mg/kg. In experiment 2, morphine (1.0, 3.2, 5.6, and 10.0 mg/kg) was studied first followed by THC (0.32, 1.0, 3.2, and 5.6 mg/kg). All drugs were studied in ascending order. Successive doses of THC were studied at least 6 days apart (rather than 3). After studies with THC, the effects of 1.0 and 1.78 mg/kg of amphetamine were determined a second time in all rats. Injections of amphetamine or methylphenidate were given 5 min prior to the rat being placed in the chamber whereas injections of morphine or THC were administered 40 min prior to the rat being placed in the chamber. Once the rat was in the chamber, there was a 10-min timeout prior to initiation of the first trial; thus, pretreatment times corresponded to either 15 min (amphetamine and methylphenidate) or 50 min (morphine and THC). Data from the session immediately preceding the first test with a drug were used as control data for that drug. Except for the redetermination of the effects of amphetamine at the end of experiment 2, all doses were tested no more than once in each subject.
Data analyses
For each session, the total number of trials completed, the time to complete each trial (trial completion latency), and the number of responses emitted on each lever during choice trials were recorded. Delay functions were obtained by plotting the percentage of responses for the larger reinforcer (responses for the larger reinforcer/total responses×100) as a function of delay. Area under the curve (AUC) was calculated using the trapezoidal method similar to that described by Myerson et al. (2001) . At least half of the trials during a block (five trials/ block in experiment 1; three trials/block in experiment 2) had to be completed in order for data from that block to be included in the delay function and data from all five blocks were required to calculate AUC.
Baseline differences in responding between groups were analyzed using a two-tailed t test; AUC values from the last three sessions of the baseline 1 phase were averaged for an individual subject which were then used for the between-groups comparison. One-way analyses of variance (ANOVA) were used to compare baseline levels of responding at the end of the baseline 1 phase (i.e., last session) with the control data obtained prior to determining the effects of each drug. Control data were from the session immediately prior to administration of the first dose of a particular drug. Comparisons were conducted for experiment 1 by comparing baseline 1 data with control data for amphetamine and methylphenidate. For experiment 2, comparisons were made between baseline 1 data and control data for morphine, THC, and the second determination of amphetamine; only data from rats that participated in experiment 2 were included in this analysis. The effects of each drug on AUC, trials completed, and trial completion latency were analyzed using two-way repeated measures ANOVA with dose as a within-subject factor and order of delay presentation as a between-subjects factor. Post hoc comparisons were conducted using Dunnett's test. Analyses were conducted using NCSS 8 (Kaysville, UT, USA) which allows for ANOVAs to be calculated when AUC values are missing for an individual subject (e.g., due to decreases in the number of trials completed).
Results
Baseline training
The mean number of sessions required to initially satisfy the stability criteria was 28.3 and 22.7 for the ascending and descending groups, respectively (baseline 1, Table 1 ) with all but one rat (A6) reaching stability in fewer than 27 sessions. Figure 1 shows the group means (±SEM) for percent choice of the larger reinforcer as a function of delay (data are the average of the last three sessions of the first baseline phase). Rats in both groups responded predominantly (>90 %) for the larger reinforcer when both reinforcers were delivered immediately (data above "0"). Mean (±SEM) percent choice of the larger reinforcer in the block with no delay was 92.7 (±2.7) and 95.5 (±2.9) for the ascending and descending groups, respectively. Percent choice of the larger reinforcer decreased as a function of delay to the larger reinforcer. In the ascending and descending groups, percent choice of the larger reinforcer in the block with a 32-s delay was 16.1 (±4.97) and 23.9 (±6.7), respectively (Fig. 1) . Baseline AUC values for the ascending (mean=0.48±0.11) and descending (mean=0.66 ±0.12) groups were not significantly different [t (10)=2.15, p= 0.0571]. When the delays were removed, rats responded greater than 80 % for the larger reinforcer in all blocks, typically within one to three sessions and always within seven sessions (no delay 1, Table 1 ). Following reinstatement of delays, rats in the ascending and descending groups required, on average, 2.2 and 3.8 sessions, respectively, to meet the stability criteria for drug testing (baseline 2, Table 1 ).
Experiment 1
For both groups, control AUC values obtained prior to testing with amphetamine and with methylphenidate were not significantly different from baseline. In the ascending group (top, left panel, Fig. 2a) , amphetamine did not significantly alter choice in the block with no delay (i.e., the first block of the session; data above "0") and increased choice of the larger reinforcer in blocks with delay, resulting an upward shift and a flattening of the delay function. In the descending group (bottom, left panel, Fig. 2a ), amphetamine did not significantly alter choice during the block with the 32-s delay (the first block of the session; data above "32") and dose-dependently reduced choice of the larger reinforcer in blocks with shorter delays as well as when both reinforcers were delivered immediately, resulting in a flattening of the delay function. Amphetamine dose-dependently increased AUC in the ascending group (circles, left panel, Fig. 2b ) and decreased AUC in the descending group (diamonds, left panel, Fig. 2b ), resulting in a significant main effect of dose [F (5, 50)=2.46, p <0.05] on AUC and a significant dose by delay order interaction [F(5, 50)=7.52, p <0.001]. The largest dose of amphetamine tested (1.78 mg/kg) produced a small but significant increase in trial completion latency [F (5, 50)= 3.28, p <0.05] but did not significantly reduce the number of trials completed (Table 2) ; there was no main effect of order of delay presentation and no order by dose interaction for either trial completion latency or trials completed.
Like amphetamine, methylphenidate shifted the delay function upward in the ascending group (top, right panel, Fig. 2a ) and downward in the descending group (bottom, right panel, Fig. 2a ). Methylphenidate dose-dependently increased AUC in the ascending group (circles, right panel, Fig. 2b ) and decreased AUC in the descending group (diamonds, right panel, Fig. 2b Table 2 ) with no main effect of order of delay presentation and no delay order by dose interaction for either trial completion latency or trials completed. Fig. 1 Percent choice of the larger reinforcer as a function of delay (in seconds) to delivery of the larger reinforcer in separate groups of rats (n =6/group) trained under an ascending (circles ) or a descending (diamonds) order of delay presentation at the end of the first baseline training phase. Data points represent the group means and error bars represent the standard error of the mean Figure 3 summarizes results obtained in individual rats with the largest doses of amphetamine and methylphenidate. After administration of 1.78 mg/kg of amphetamine, AUC increased for four of six rats in the ascending group and decreased for all six rats in the descending group (left panel, Fig. 3 ). After administration of 17.8 mg/kg of methylphenidate, AUC increased for all six rats in the ascending group and decreased for all six rats in the descending group (right panel, Fig. 3 ).
Experiment 2
After the number of choice trials per block was reduced from 10 to 5, subjects responded under the new conditions for at least five sessions and until the stability criteria described above were again satisfied. Reducing the number of choice trials per block did not significantly alter the baseline delay functions in either group. For both groups, a comparison of baseline data (AUC from baseline 1) with control data obtained prior to testing with morphine, THC, and the second determination of amphetamine revealed no significant differences (solid symbols above "S", left panel, Fig. 2b) . In both groups, morphine dose-dependently reduced choice of the larger reinforcer, particularly in blocks with no delay or with shorter delays, and had little effect on responding in blocks with longer delays (left panels, Fig. 4a ). Moreover, morphine reduced AUC similarly in both groups, resulting in a significant main effect of dose [F(4, 29) =5.31, p <0.01] but no main (Table 3) with no main effect of order of delay presentation and no delay order by dose interaction for either trial completion latency or trials completed.
THC modestly reduced choice of the larger reinforcer resulting in a downward shift in the delay function (right panels, Fig. 4a ). THC reduced responding for the larger reinforcer, particularly in blocks with no delay or shorter delays. Twoway ANOVA revealed a significant main effect of dose of THC [F(4, 30) Fig. 4b ). THC did not have a significant effect on the number of trials completed in either group; however, there was a significant main effect of dose on trial completion latency [F(4, 32)= 3.5, p <0.05] but no main effect of delay order or delay order by dose interaction. Figure 5 shows results from redetermination of the effects of 1.0 and 1.78 mg/kg of amphetamine in the ascending (top panel) and descending (bottom panel) groups following tests with THC and 6-9 months after the initial tests with amphetamine. Consistent with effects obtained earlier in the study, amphetamine flattened the delay curve in both groups and did so by increasing choice of the larger, delayed reinforcer in the ascending group and decreasing choice of the larger reinforcer in the descending group (compare open and closed symbols, left panel, Fig. 2b ). Two-way ANOVA revealed a significant dose by delay order interaction for AUC [F (2, 16)=6.2, p <0.05] with no effect on trials completed or trial completion latency.
Discussion
This study evaluated the impact of the order of delay presentation on drug effects under a delay-discounting procedure in rats (Evenden and Ryan 1996) . Different groups of rats were trained under an ascending or a descending order of delay presentation. The effects of two stimulant drugs (amphetamine and methylphenidate) and two drugs that have other pharmacological mechanisms (morphine and THC) were assessed. Responding maintained under either order of delay presentation was sensitive to reinforcer amount and delay. During the block in which both reinforcers were delivered immediately, rats responded predominantly (>90 %) for the larger reinforcer, demonstrating sensitivity to reinforcer amount. When the delivery of the larger reinforcer was delayed, responding for the larger reinforcer decreased (and responding for the smaller reinforcer increased) as a function of delay. Both groups of rats showed comparable rates of discounting ( Fig. 1 ) and the number of training days required to establish adequate delay discounting performance did not differ significantly between the groups (Table 1) . Moreover, within several sessions of the delay being removed from all blocks, rats responded predominantly for the larger reinforcer in all blocks indicating that delay was a primary determinant of response choice. Others (Fox et al. 2008) showed that a descending order of delay produced a more steep delay discounting function as compared with an ascending order (see Robles et al. 2009 for evidence of a delay-order effect in humans). In the current study, area under the delay curves generated under two different orders of delay were not statistically different, although there was a tendency for the curve to be steeper in the ascending group. Nevertheless, discounting rates were comparable between groups, thereby supporting the view that any differences in drug effects observed between groups were due to the order of delay presentation and not to baseline differences in discounting.
Amphetamine and methylphenidate dose-dependently increased choice of the larger delayed reinforcer in the ascending Fig. 3 The percent change in AUC (abscissae) plotted as a function of baseline AUC (ordinates) for individual subjects in the ascending (circles) and descending (diamonds) groups after receiving 1.78 mg/kg amphetamine (left) or 17.8 mg/kg methylphenidate (right) group (top panels, Fig. 2a ). This effect is consistent with the notion that amphetamine attenuates sensitivity to reinforcer delay and it extends previous reports showing that stimulant drugs tend to increase choice of larger, delayed reinforcers (Cardinal et al. 2000; Floresco et al. 2008; Pitts and McKinney 2005; Slezak and Anderson 2011; van den Bergh et al. 2006; van Gaalen et al. 2006; Winstanley et al. 2003 Winstanley et al. , 2005 . However, under otherwise identical conditions, qualitatively different results were obtained in rats responding under a different order of delay presentation. In rats responding under a descending order of delay presentation, amphetamine and methylphenidate dose dependently reduced choice of the larger reinforcer and shifted the delay function downward (bottom panels, Fig. 2a ). Under baseline conditions, rats in the descending group began sessions responding on the lever that delivered the smaller reinforcer (in the first block that arranged the 32-s delay) and progressively shifted responding to the lever that delivered the larger reinforcer as the delay to the larger reinforcer decreased. After administration of amphetamine or methylphenidate, these rats responded more on the lever that delivered the smaller reinforcer even when both reinforcers were available immediately. A drug-induced decrease in sensitivity to reinforcer delay would be expected to increase responding for the larger reinforcer early in the session (i.e., in the first blocks) when there was a longer delay to the delivery of the larger reinforcer. The effects of amphetamine and methylphenidate on response latency and on the number of trials completed were not significantly different between groups suggesting that differences in effects on discounting were not due to differences in sensitivity to the disruptive effects of amphetamine or methylphenidate. The parameters of reinforcement in delay discounting experiments can be varied along multiple dimensions (e.g., delay and amount), and drug effects might be mediated by changes Fig. 4 Fig. 4a shows effects of morphine (left) and THC (right) on delay functions in the ascending (top) and descending (bottom) groups (n =5/group). Fig. 4b shows AUC (calculated from curves shown in Fig. 4a ) plotted as a function of the dose of morphine (left) or THC (right). See Figs. 1 and 2 for other details in sensitivity to one or more of those dimensions. For example, it has been suggested that drug effects on delay discounting are due to changes in sensitivity to reinforcer delay as well as changes in sensitivity to reinforcer amount.
Stimulant drugs might reduce sensitivity to reinforcer delay and/or enhance sensitivity to reinforcer amount; both effects would be expected enhance choice of larger, delayed reinforcers (for a discussion, see Pitts and Febbo 2004) . Indeed, in pigeons, methamphetamine reduced sensitivity to reinforcer delay as indicated by a general flattening of the delay function (Pitts and Febbo 2004 ; see also Ta et al. 2008) ; however, it also reduced (rather than enhanced) sensitivity to reinforcer amount as indicated by a reduction in the y intercept of the delay function (see also Maguire et al. 2009 ). It is unclear how changes in sensitivity to reinforcer delay and amount might interact in the current study to account for differential effects between groups. A reduction in choice of the larger reinforcer in the component with no delay in the descending group might suggest a loss of control by reinforcer amount; however, a similar reduction was not observed in the ascending group, further suggesting a significant interaction of drug effect with order of delay presentation.
One possibility is that amphetamine and methylphenidate attenuate the influence of certain variables on behavior, thereby unmasking the influence of otherwise absent or less evident variables. For example, the ability of amphetamine to promote preservative responding (e.g., Todorov et al. 1972 ) might override its effects on sensitivity to reinforcer delay and/or amount. Thus, responding during the later blocks of the session might be controlled more by responding earlier in the session than by the delay. This possibility is consistent with a study (St Onge et al. 2010) showing that amphetamineinduced changes in probability discounting functions (i.e., qualitatively different effects of amphetamine, depending upon the order of probabilities) are due to other effects of amphetamine (e.g., perseveration) and not to specific effects on sensitivity to reinforcer delay (or probability). A dose of amphetamine as small as 0.5 mg/kg was sufficient to promote the apparent perseverative effect in rats (St. Onge et al. 2010) .
In order to assess the generality of drug interactions with delay order, two other drugs were also assessed. Morphine dose-dependently decreased responding for the larger reinforcer in blocks with no delay or shorter delays, resulting in a flattening of the delay function in both groups and demonstrating that the effects of morphine were not dependent on the order of delay presentation. These data are consistent with previous research suggesting that morphine increases choice of smaller, immediate reinforcers (Pitts and McKinney 2005; Pattij et al. 2009 ). However, in both groups of rats, morphine reduced responding for the larger reinforcer when both reinforcers were available immediately suggesting that morphine impacts other processes instead of or in addition to sensitivity to reinforcer delay. One possibility is that morphine attenuates the reinforcing effectiveness of food and thus reduces sensitivity to reinforcer amount. However, in previous studies using rats responding under conditions that were similar to the conditions used in the current study, presession access to food failed to substantially alter delay functions despite significant increases in trial completion latency and decreases in the number of trials completed (e.g., Cardinal et al. 2000; Kolokotroni et al. 2011 ). In the current study, morphine significantly affected choice in both the ascending and descending groups at a dose (5.6 mg/kg) that neither increased trial completion latency nor decreased the number of trials completed suggesting that a reduction in the effectiveness of food as a reinforcer cannot account for a reduction in choice of the larger reinforcer when both reinforcers are available immediately. Perhaps morphine differentially attenuated sensitivity to reinforcer amount through other mechanisms. A potentially useful experiment could manipulate other variables (e.g., number of food pellets) in the absence of variations of delay to determine whether morphine attenuates sensitivity to reinforcer amount. The effects of THC also were qualitatively similar between groups. THC tended to reduce responding for the larger reinforcer; however, rats in the descending group appeared to be more sensitive than rats in the ascending group. In contrast to the current study, previous studies reported that THC (Wiskerke et al. 2011 ), but not the cannabinoid receptor agonist WIN55212 (Pattij et al. 2007 ), slightly increased choice of larger, delayed reinforcers in rats responding under an ascending delay procedure. Collectively, these studies suggest that cannabinoid receptor agonists, as compared with stimulant drugs, have relatively modest effects on delay discounting. Although THC enhanced behavior characteristic of some types of impulsivity in humans (e.g., disruption of stop-task performance), it failed to do so under a delaydiscounting choice procedure (McDonald et al. 2003) . It is unlikely that the effects of THC in the current study were influenced by the extended training and drug testing of these rats since control performances as well as the effects of amphetamine at the end of the study were not different from control performances and the effects of amphetamine at the beginning of the study, 9 months earlier.
In summary, these results support the view that amphetamine and methylphenidate can change delay discounting performance by mechanisms other than, possibly in addition to, attenuation of sensitivity to reinforcer delay (e.g., increase in behavioral perseveration). Upward shifts in delay functions in the ascending group and downward shifts in the descending group after drug administration might be explained as increases in preservation of the response patterns that occurred early in the session that continue to affect responding throughout the session. Together with other studies, these data highlight the fact that procedures varying delay (or any other independent variable) within the same session can provide a very efficient means to examine drug effects on behavior; however, that efficiency appears to be accompanied by other potentially important challenges. These results also underscore the importance of considering methodological issues when interpreting drug effects on complex behavior such as delay discounting.
